In 1996, an epidemic of 393 cases of laboratory-confirmed West Nile meningoencephalitis occurred in southeast Romania, with widespread subclinical human infection. Two casecontrol studies were performed to identify risk factors for acquiring infection and for developing clinical meningoencephalitis after infection. Mosquitoes in the home were associated with infection (reported by 37 [97%] of 38 asymptomatically seropositive persons compared with 36 [72%] of 50 seronegative controls, ) and, among apartment dwellers, flooded P ! .01 basements were a risk factor (reported by 15 [63%] of 24 seropositive persons vs. 11 [30%] of 37 seronegative controls, ). Meningoencephalitis was not associated with hypertension P ϭ .01 or other underlying medical conditions but was associated with spending more time outdoors (meningoencephalitis patients and asymptomatically seropositive persons spent 8.0 and 3.5 h [medians] outdoors daily, respectively, ). Disease prevention efforts should focus on P ! .01 eliminating peridomestic mosquito breeding sites and reducing peridomestic mosquito exposure.
Materials and Methods
Case definitions. A serosurvey was conducted in Bucharest between 2 and 4 October 1996 [3] . Serum samples were collected from 959 persons whose ages and locations of residence were representative of the city's population and who required phlebotomy for reasons unrelated to the serosurvey. An uninfected person was defined as a serosurvey participant who was WNV IgG-negative. Since WNV appeared to have been newly introduced to Bucharest with this epidemic [3] , an asymptomatically infected person was defined simply as a serosurvey participant who had WNV-specific IgG antibodies. A person with WNV ME was defined as any Bucharest resident hospitalized with acute meningitis, ME, or encephalitis with pleocytosis during the epidemic period and who had either serum WNV IgM, WNV IgG seroconversion, or WNV antibodies in the cerebrospinal fluid.
Case-control study 1: risk factors for acquiring WNV infection. To identify risk factors for acquiring WNV infection among Bucharest residents, we compared asymptomatically infected with uninfected persons identified in the serosurvey. ME patients were excluded from the infected group so that risk factors for asymptomatic and symptomatic infection could be examined separately. For the first 25 asymptomatically infected persons identified, 50 uninfected persons, selected with a random-number generator, were matched within broad age groups (0-25 years, 26-65 years, 165 Downloaded from https://academic.oup.com/jid/article-abstract/179/1/230/880026 by guest on 31 December 2018 Case-control study 2: risk factors for developing ME among WNV-infected persons. To identify risk factors for developing ME among infected persons, we compared WNV ME patients with asymptomatically infected persons. The 38 asymptomatically infected persons described above comprised the control group. The case group consisted of 50 WNV ME patients, selected with a random-number generator from nonfatal WNV ME cases and matched within broad age groups to the first 25 asymptomatically infected persons identified. These 50 WNV ME patients remained well-matched within broad age groups with the final control group of 38 asymptomatically infected persons. Local medical epidemiologists used a standardized questionnaire to interview participants in person about medical conditions (including hypertension, cardiovascular disease, cerebrovascular disease, and neurologic conditions), smoking habits, environmental conditions, and behaviors during the epidemic period.
Serology. Serum samples were tested by isotype capture ELISA for IgM antibodies and by indirect ELISA for WNV IgG antibodies [5] . To detect IgM, diluted serum was added to plates coated with anti-human m chain antibody, followed by WNV antigen and labeled antiviral antibody. To detect IgG, WNV-infected cell culture lysates were coated onto microtiter plates, and then diluted human serum, peroxidase-labeled anti-human IgG, and substrate were added. Absorbance signals from specimen wells and negative and positive control wells were read. Specimens with absorbances of 15 SD above the average absorbance of the negative controls were considered positive.
Data analysis. Analyses were performed using Fisher's exact or x 2 tests for categoric data and the Wilcoxon rank sum test for ordinal data. Stratified analyses were done using the Mantel-Haenszel x 2 test.
Results
Risk factors for acquiring WNV infection. Asymptomatically infected persons and uninfected persons were similar with respect to age (medians, 37 and 46 years, respectively), sex (34% males in both groups), level of education, type of occupation, length of residence in Bucharest, and location of residence within the city (all ). Compared with uninfected persons, P 1 .20 infected persons were more likely to report mosquitoes in the home ( ), to report more mosquito bites per day during P ! .01 the epidemic (medians, 4 vs. 3 bites per day [interquartile ranges: 3-9 vs. 1-4 bites per day], among infected and uninfected persons, respectively, Wilcoxon two-sample test, P ! ), and, among apartment dwellers, were more likely to have .01 had a flooded basement ( ; table 1 ). The association of P ϭ .01 infection with mosquitoes in the home remained after controlling for age, residence in the rural agricultural sector of the city, flooding of the basement, number of daily mosquito bites, and amount of time spent outdoors and was consistently found in nearly all subgroups examined. The associations of infection with mosquito bites and flooded basements remained after controlling for age, residence in the agricultural sector, and other variables but were not consistently present in all subgroups examined. No association was found between infection and housing type, age of home, amount of time spent outdoors, exposure to domestic fowl, or the presence of rainwater collection containers around the home.
Risk factors for developing ME. Persons with WNV ME and seropositive persons without ME were similar with respect to age (medians, 47 and 37 years, respectively), sex (36% vs. 34% male, respectively), level of education, type of occupation, length of residence in Bucharest, and location of residence within the city (all ). Hypertension, other underlying P 1 .20 medical conditions, and smoking history were no more prevalent among ME patients than among asymptomatically in- ; table 2 ). This association P ! .01 remained after controlling for age, residence in the agricultural sector of the city, number of daily mosquito bites, and daily hours spent in a garden or on a balcony and was found consistently in nearly all subgroups examined. Both groups spent similar periods of time in a garden or on a balcony (medians, 2 vs. 2.5 h [interquartile ranges: 0-12 vs. 0-10 h] among ME patients and controls, respectively, Wilcoxon two-sample test, ). However, ME patients were more likely than asymp-P ϭ 0.44 tomatically infected persons to have spent 16 h/day in a garden or on a balcony ( ; table 2 ). This association remained P ϭ .02 after controlling for age, number of hours spent outdoors, and other variables but was not consistently found in all subgroups examined.
Discussion
In the first part of this study, we found WNV infection to be associated with specific features of the residential environment, namely, presence of mosquitoes indoors and flooded apartment building basements. The association of infection with mosquitoes in the home suggests a peridomestic route of transmission consistent with the ecology of Culex pipienspipiens. This species typically is found in urban settings, is the predominant mosquito species in Bucharest, and was the likely epidemic vector [3] . The abundance of mosquitoes indoors undoubtedly reflected the scarcity of home air conditioners and window screens in Bucharest, factors that have been associated with risk of acquiring StLE virus infection [6] . The association of infection with flooded apartment building basements likewise is consistent with the breeding habits of Cx. pipiens. During the epidemic period, many apartment building basements were flooded with sewage leaking from poorly maintained plumbing, creating a high-organic-content habitat favorable for Cx. pipiens larvae and almost certainly contributing to the dense populations of resting mosquitoes, which sometimes blackened the walls and ceilings of apartment building hallways and entryways [2, 3] . Similar circumstances led to a Cx. pipiensquinquefasciatus-borne StLE outbreak in New Orleans in 1994 (Michael Carroll, New Orleans Mosquito Control, personal communication). Another common feature of the peridomestic environment, the presence of domestic fowl, might have been expected to have been associated with risk of acquiring infection, since 42% of fowl were estimated to have become infected during this epidemic [3] . The absence of such an association is understandable because most domestic fowl do not achieve serum viral levels adequate for WNV amplification [7] .
In the second part of this study, we found no association between WNV ME and hypertension, other underlying medical conditions, or cigarette smoking. These conditions are putative risk factors for severe illness following infection with other neurotropic flaviviruses, theoretically promoting neurologic disease by disruption of the blood-brain barrier [2, 8, 9] . Our inability to detect any association between ME and these medical conditions may have been a consequence of small sample size. However, the low prevalence of these conditions among ME patients suggests that these chronic medical illnesses were not important contributors to the development of ME. Rather, outdoor activity was the only significant risk factor for the development of ME. The reason for this association is unclear. Possibly, the greater amount of time spent outdoors resulted in more bites from infected mosquitoes, leading, in turn, to a viral inoculum sufficient to cause neuroinvasive infection. Although only a small fraction of mosquitoes was infected during the epidemic [3] , even bites from uninfected mosquitoes could have potentiated infection via local host responses to components of mosquito saliva [10] . However, the absence of an association between ME and the number of daily mosquito bites is inconsistent with a dose-response effect (although this may just reflect small sample size or inaccurate recall). Another possibility is that outdoor exposure may have been increased dur-Downloaded from https://academic.oup.com/jid/article-abstract/179/1/230/880026 by guest on 31 December 2018 ing hot intervals of the summer, when the extrinsic incubation period, the time required for a mosquito to become infectious after taking an infectious meal, is shortened-potentially affecting the infectivity of mosquito bites acquired during those intervals. Outdoor exposure also may have been increased during a period when a vector other than C. pipiens was active. Alternatively, the association between greater amount of time spent outdoors and ME could be due to an associated behavior, such as physical activity, which may have contributed directly to increased disease severity, as in poliomyelitis [11] . This explanation seems unlikely because advanced age, the most clearly defined risk for flaviviral encephalitis, is generally associated with a more sedentary lifestyle.
We considered two potential sources of bias but doubt that either would have created an artifactual association between ME and time spent outdoors. First, WNV ME patients were aware that they had a mosquito-transmitted illness and may have been more likely than controls to report exposures or behaviors perceived to be associated with mosquitoes, such as spending time outdoors. However, such recall bias is unlikely, since other mosquito-associated factors, namely, the number of daily mosquito bites or presence of mosquitoes in the home, were not associated with ME.
Second, our findings may have reflected a misclassification bias, since we defined infection (presumably recent) on the basis of IgG positivity. By using this definition, we may have included both false-positive (IgG-seropositive persons who were infected prior to this epidemic) and false-negative subjects (newly infected persons who had blood drawn before they developed an IgG response) in our sample. Although IgM positivity would have been a more specific indicator of recent infection, it also would have been relatively insensitive because sera were collected 12 weeks after the epidemic began and IgM in infected persons may have declined. However, it is unlikely that the positive associations can be explained by misclassification bias, since results of both case-control analyses were unchanged when we included only IgM-seropositive persons in the asymptomatically infected group. Furthermore, misclassification of newly infected IgG-negative persons as uninfected only would have made the comparison groups more similar and would have led us to underestimate or miss associations between putative risk factors and WNV infection, but it would not have created nonexistent associations. Inclusion of subjects with false-negative results in our sample, therefore, would not account for the observed associations.
In summary, an epidemic of WNV ME that was unprece-dented in magnitude, location, and setting presented an opportunity to investigate potential risk factors for infection and neurologic disease. We found that increased exposure to the mosquito vector, particularly in the home and its immediate environs, was associated with risk of acquiring WNV infection.
In addition, we found that risk of developing ME was not associated with any underlying medical condition but was correlated with outdoor activity. Therefore, efforts to prevent and control future urban WNV epidemics should focus on reduction of mosquito breeding sites and limiting human exposure to mosquitoes in domestic and peridomestic settings.
